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ABSTRACT 
Objective: A novel cross-linked keratin hydrogel was prepared by integrating keratin from chicken feather into an aloe-vera, Chitosan and honey 
based dressing formulation separately.  
Methods: Keratin fibres extracted from chicken feathers are eco-friendly, non-abrasive, biodegradable, insoluble in organic solvents and having 
good mechanical properties, hydrophobic behaviour, low density and finally cheap. Keratin based hydrogels were prepared with five types of 
ingredients and studied for their wound healing properties. The analysis of keratin-based hydrogel was done by Fourier Transform Infra-red 
Spectroscopy (FTIR) and X-ray diffraction (XRD) analysis. 
Results: Keratinocytes containing keratin travel from the wound border to initiate the process of healing. The characteristics of keratin-based 
hydrogel derived from chicken feather made it an effective wound care therapeutic product. X-ray diffraction (XRD) analysis showed the 
crystallinity index in between 30-50% of the hydrogen.  
Conclusion: The test for swelling and solubility were carried out on the hydrogen to determine the solid content and water absorbance capacity. 
Overall, this product is safe to use as an effective wound healing product with appropriate properties.  
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INTRODUCTION 
Recently, many therapeutic products were developed by 
pharmaceutical industries for wound healing and to enhance 
recovery of major injuries. Among these, hydrogels are polymeric 
materials which can absorb and hold a greater amount of water [1]. 
They are characterised by hydrophobicity and are not dissolved in 
water [2]. Usage of biomaterials in these products increased rapidly 
due to the establishment of a matrix or scaffolding system that 
reproduce the structure and function of the indigenous tissue. There 
are many applications of keratins in protein-based biomaterials, 
biomedical and pharmaceutical sectors [3, 4]. This is mainly, 
because of their ability to work as an extracellular matrix that 
facilitates cell-matrix and cell-cell interactions. The protein 
components contained a defined, three-dimensional microstructure 
that aids in cellular proliferation and cell-guided tissue formation, 
which are essential characteristics for biomaterial scaffolds. In 
addition, the strong bioactivities and diverse physiochemical 
properties of proteinaceous macromolecules are attractive for other 
biomedical applications such as medical devices, bioactive surfaces, 
hygienic products, etc. Keratin-based materials have shown promise 
to revolutionise the biomaterial world due to their intrinsic 
biocompatibility, biodegradability, mechanical durability and 
natural abundance [5].  
Sometimes the wounds on human’s skin could not be treated well 
and cause severe infections. To assess the wound and identify the 
correct treatment, patients’ body condition is essential to consider 
[6]. When assessing the wound, the first step is to determine the 
aetiology of the wound. Recognising the factors that affects patient’s 
ability to heal determines the right treatment and overcome the 
slow and incomplete healing [7]. Different types of wounds need 
specific treatment and dressing according to the conditions [8]. The 
biocompatible keratin hydrogel can be used as a component in 
wound care and dressings. Hydrogels play an important role in 
controlling the wound environment and providing a suitable 
medium for the delivery of biomolecules to stimulate or assist 
healing. In addition, keratin materials derived from the SFK inhibitor 
fusion protein (SIFP) protein fraction contain a high amount of 
sulphide groups which help to absorb the moisture. The keratin 
composed of structural proteins and in combination with natural 
products, these become more effective to absorb the moisture or 
wound exudates [9]. The polymeric material is a necessary aspect 
for tissue healing in tissue engineering. The proteinaceous 
polymeric hydrogels have a minimum inflammatory response. 
However, use of natural material instead of synthetic polymer to 
make hydrogel is a challenge. 
Chicken feathers are abundantly available as poultry waste. Thus it 
becomes another advantage to produce the environmentally friendly 
product. Feather keratins have strong potential to make clinically 
important biomaterials and have a great tendency to make hydrogel 
by polymerise in aqueous surroundings. To promote the healing 
process, aloe-vera, chitosan, and honey are included in the 
formulation due to their healing property [10]. Chitosan is non-toxic 
and non-allergic, and its biocompatibility, biodegradability and 
bioactivity made it a very attractive component for pharmaceutical 
and medical fields [11]. Honey is a standout among the most 
continuing materials utilised as a part of wound care, credited to its 
antibacterial, calming and cancer prevention agent properties [12]. 
Aloe vera gel has been used throughout history for its therapeutic 
healing effect on burns, insect bites and other skin injuries [13].  
In the present work, keratin is extracted from chicken feather by 
chemical treatment [14]. The extracted keratin was used to 
synthesise the hydrogel for wound healing application due to its 
polymerizing properties. To check the properties of made 
hydrogel, it was characterised by using Fourier Transform Infra-
red Spectroscopy (FTIR), X-ray diffraction (XRD), swelling capacity 
and solubilising capability under standard conditions. This study 
provides an interesting platform to synthesize the value added 
products from the waste biomass of chicken feathers in an eco-
friendly manner. It also directed the bioremediations of huge 
poultry waste and synthesis of other useful products. 
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MATERIALS AND METHODS 
Chemicals 
Chemicals were obtained from two sources, namely RandM 
chemicals, Kuala Lumpur, Malaysia (polyvinyl pyrrolidone, 
chitosan and polyvinyl alcohol) and Sigma-Aldrich, Kuala 
Lumpur, Malaysia (glutaraldehyde 50% and polyethene glycol). 
Aloe-vera gel (purity 99%) was purchased from an Amway shop 
in Kuantan, Malaysia. 
Preparation of hydrogel 
Keratin solution was prepared in the chemical engineering lab at 
Universiti Malaysia Pahang as discussed in our previous studies 
[15]. The chemicals used in the formulation is given in table 1. 
Hydrogel was prepared by dissolving 3 g of polyvinyl alcohol (PVA; 
20%) and 2 g of polyvinyl pyrrolidone (PVP; 10%) with 4 g of keratin 
solution and 1 g of polyethene glycol in100 ml of ddH2O, at 60 °C under 
continuous stirring. The mixed solution was then poured in the petri 
plates and solidified by freezing-thawing repetitive cycles. All tests were 
done in three duplicates (n = 3), where normal mean esteem and 
standard deviation (SD) were plotted. The resulting hydrogel is then 
washed with ddH2O three times to remove any unreacted keratin and 
polymers. For other formulations, the aloe-vera gel, chitosan solution 
and honey were added to the mixture using the same method. The 
solution was stirred for about 15 min to mix uniformly.  
The hydrogel having different compositions were named as hydrogel 
control (hydrogel C), PPG hydrogel (Polypropylene Glycol (PPG), 
Honey+Polyethylene Glycol (PEG) (H-PEG hydrogel), Chitosan+PEG (C-
PEG hydrogel), Aloe-vera+PPG hydrogel (A-PPG hydrogel), Aloe-
vera+PPG (A-PPG' hydrogel) having different concentrations from the 
last composition. Acidity/alkalinity (pH) test was performed with fluid 
concentrates of the hydrogel. 
 
Table 1: Composition and different hydrogel formulations 
Compositions Formulations (w/w %) 
PPG hydrogel H-PEG hydrogel C-PEG hydrogel A-PPG hydrogel A-PPG' hydrogel  
PVA 35 30 30 30 30 
PVP 25 20 20 20 20 
Keratin 30 30 30 30 30 
Honey - 10 - - 7.5 
Chitosan - - 10 - - 
Aloe Vera - - - 10 7.5 
PPG 10 - - 10 5 
PEG - 10 10 - - 
Abbreviation: PPG, Polypropylene Glycol; PEG, Polyethylene Glycol; PVP, Polyvinyl Pyrrolidone; H-PEG, Honey+Polyethylene Glycol; C-PEG, 
Chitosan+PEG; A-PPG, Aloe-vera+PPG; A-PPG', Aloe-vera+PPG (last two are different in concentration). 
 
Analysis of swelling test 
The swelling was measured by using Japanese Industrial Standard 
(JIS) K7223. The dry gel was submerged in deionized water for 16 h 
at room temperature. In the beginning of swelling, the hydrogel was 
shifted to a stainless-steel net of 100-work (149 μm). Swelling is 
computed as takes after [16]. 
Swelling = 
C
B
∗ 100 
Where C is the weight of hydrogel got in the wake of drying and B is 
the weight of the insoluble bit after extraction with water. 
Solubility test 
The test was done by using a method described by JEFCA (Joint 
Expert Committee on Food Additives). The weight (W1) of a 70 mm 
glass fibre paper (pore size 1.2 micron) is determined followed by 
drying in an oven at 105 °C for 1 h and subsequently cooled in a 
desiccator containing silica gel.  
The suspension of the test material, 1-2 weight% (S) was prepared 
in ddH2O followed by hydration for 12 h at 25 °C. The hydrated 
scattering is then centrifuged for 2-5 min at 10,000 Revolution per 
Minute (RPM) and filtered. The filtrate was dried at 105 °C for 6 h 
and cooled to a constant weight (W2) Insoluble amount was 
calculated as:  
The solubility test utilised a technique endorsed by JEFCA (Joint 
Expert Committee on Food Additives). The weight (W1) of a 70 mm 
glass fibre paper (pore estimate 1.2 microns) is resolved trailed by 
drying in a broiler at 105 °C for 1 h and along these lines cooled in a 
desiccator containing silica gel.  
The suspension of the test material, 1-2 weight % (S) was incubated 
in ddH2O took after by hydration for 12 h at 25 °C. The hydrated 
scattering is then centrifuged for 2-5 min at 10,000 Revolution per 
Minute (RPM) and filtered. The filtrate was dried at 105 °C for 6 h 
and cooled to a consistent weight (W2). The insoluble amount was 
figured as:  
% Hydrogel = W2W1
S
 ∗ 100 
Scanning electron microscopy (SEM) 
SEM was used to determine the surface geography and natural 
creation of the hydrogels. Amplification in SEM was controlled up to 
6 orders of magnitude from 10 to 500,000 times [17-20]. The 
hydrogel was gently rinsed with ddH2O and dried at 37 °C for 24 h. 
The swollen thick film was obtained after immersion of the hydrogel 
disks in ddH2O for 15 min. The samples were also freeze-dried and 
stored at 40 °C for further use.  
Chemical characterization of PVA/PVP hydrogels and hybrids 
by Fourier transform infrared spectroscopy (FTIR) 
FTIR was utilised to examine the nearness of particular chemical 
functional groups of in the samples [21, 22]. FTIR spectra were 
obtained in the range of wave number from 4000 to 
700 cm−1 (Paragon 1000, Perkin-Elmer, USA). The FTIR spectra were 
normalised and major vibration bands were associated with 
chemical groups. 
X-ray diffraction (XRD) 
XRD analysis was performed to analyze the crystallinity index of the 
hydrogels. XRD tosses light on the properties of the distinctive 
stages (for instance basic make-up, % crystallinity and crystallite 
measurement, introduction and strains) exhibit in the 
polymer/polymer mix lattice. The semi-crystalline polymers were 
characterised by XRD [23]. The crystallinity index (CrI) of the 
samples was determined by the equation:  
CrI (%) = ACrystal/ATotal × 100 
Where, ACrystal is the sum of the areas under the crystalline diffraction 
peaks and ATotal represents the total area under the diffraction curve 
between 2θ = 10 ° − 80 °. 
The properties, viz. mechanical and water take-up, of a polymer shift 
with the adjustment in "level of crystallinity" and is frequently 
spoken to as % crystallinity or crystalline/nebulous proportion. The 
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level of crystallinity is of tremendous significance in the polymer 
industry and can be dictated by XRD [24]. 
Statistical analysis 
An analysis of the average and standard error was conducted on the 
data obtained in each of the experimental studies with statistical 
package Assistat version-7.4 beta 2010 for comparison of mean 
responses (mean standard error) and to determine the statistical 
significance. The standard deviation (SD) about the mean for each of 
the regimens was depicted in the figures. 
RESULTS AND DISCUSSION 
The hydrogel sheet formulations given in table 1 were prepared with 
keratin solution and polyethylene glycol, aloe vera gel, chitosan solution 
and honey were separately studied for their pH, solubility and swelling 
capacities. The physicochemical properties of the hydrogel were studied 
by SEM, FTIR and XRD analysis systematically. 
pH test 
The pH estimation of each hydrogel preparation is given in table 2. H-
PEG hydrogel and A-PPG' were slightly acidic in comparison to other 
hydrogels. This could be ascribed to the acidic nature of honey itself 
with pH ~3.2 and 4.5 [12]. Different hydrogels are in the range of 5.6-
5.9 and slightly acidic. As indicated by [25] dressings with a slightly 
acidic pH (pH of 5.5) are more acceptable to wear, and the low pH 
makes an unfavourable situation for bacterial development [26]. 
Besides, the acidic environment improved a most extreme arrival of 
oxygen to address the issues of the body's tissue repair [27]. In this 
manner, the hydrogels give an appropriate domain to the injured 
region as they have ideal levels of pH. Hydrogel C was utilised as 
control which is an antacid in contrast with the defined hydrogels. 
 
Table 2: pH value for each hydrogel 
Hydrogels pH value 
1 2 3 Average 
C 6.7 6.9 6.8 6.8 
PPG hydrogel 5.5 5.4 5.8 5.6 
H-PEG hydrogel 4.5 4.8 4.2 4.5 
C-PEG hydrogel 5.9 5.8 6.1 5.9 
A-PPG hydrogel 6.1 5.7 5.8 5.9 
A-PPG' hydrogel 4.9 4.8 5.0 4.9 
Abbreviation: PPG, Polypropylene Glycol; PEG, Polyethylene Glycol; H-PEG, Honey+Polyethylene Glycol; C-PEG, Chitosan+PEG; A-PPG, Aloe-
vera+PPG; A-PPG', Aloe-vera+PPG (last two are different in concentration). 
 
Swelling test 
The swelling percentage of each hydrogel can be seen in the fig. 1. 
Overall, moderate swelling capacity can be seen in non-ionic 
hydrogels such as polyacrylamide (PAM) and PVA-based hydrogels 
[28]. PPG hydrogel showed high abilities in the absorbing liquid 
when contrasted with different hydrogels and swell much faster. 
PPG hydrogel comprises of keratin as primary parts in the 
hydrogels. Moreover, hydrogels with high absorbing capacities are 
suggested for exudative injuries, for example blazes [29]. Other 
hydrogels have many other components such as aloe-vera, chitosan 
and honey adding with the keratin which causes swelling percentage 
to be lesser than the PPG hydrogel.  
A-PPG hydrogel has a swelling percentage of 34.7% contained aloe-
vera and keratin only. C-PEG hydrogel possesses 29.9% swelling 
capacity. PPG hydrogel can be applied to severe wounds that exudate 
abundantly whilst other hydrogels should be considered before apply. 
 
 
Fig. 1: Swelling percentage of hydrogels. All the experiments were carried out in triplicates (n=3) for each sample and mean average 
values with standard error (±SD) were calculated and represented in the error bars 
 
Swelling capacity was increased with the hydrophilic polymers, ionic 
polymers containing monovalent ions, lower crosslink density and 
possesses hydrophilic crosslinkers. The composition of hydrogel 
seems to be more solvent, less salts, low ionic strength, less numbers 
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of di and trivalent cations [30]. Hence, we can conclude that PPG 
hydrogel has low crosslink density which holds water molecules in 
between the cross-linkages for a long time. According to [31], 
keratin from chicken feather showed characteristics of 
hydrophobicity and low solubility. H-PEG hydrogel and A-PPG' 
hydrogel with honey, are hydrophobic in nature with less cross-
linking network [32] cause the swelling capacity of the hydrogels to 
below. Chitosan in the C-PEG hydrogel donates its cationic 
characteristics to the anionic part of water, thus attracts the water. 
A-PPG hydrogel has desiccated form which may contribute for the 
better swelling capacity.  
Solubility test 
The solubility of hydrogel increases as the temperature of the 
medium increases [30]. All hydrogels showed fair solubility in the 
aqueous medium. Hence, it indicated that the hydrogels are 
soluble (fig. 2) which exudates and provides the required 
nutrients as well as a suitable environment for the wound healing.  
A-PPG hydrogel which consists of 10% of aloe-vera and 30% of 
keratin has the highest solubility as compared to other hydrogels. 
Overall, the formulated hydrogels are highly soluble in nature. 
 
 
Fig. 2: Percentage of Solubility on hydrogels. All the experiments were carried out in triplicates (n=3) for each sample and mean average 
values with standard error (±SD) were calculated and represented in the error bars 
 
Scanning electron microscopy 
An average porous surface obtained from image analysis of SEM is 
shown in fig. 3. The data revealed that the PPG hydrogel has fine 
crystals-like network spread on the surface and the surface of C-PEG 
hydrogel is uneven and overlapping layers, the surface of A-PPG 
hydrogel appeared as desiccated form, the A-PPG' hydrogel is 
slightly uneven and less overlapping surface when compared with C-
PEG hydrogel. The surface of H-PEG hydrogel is porous and rough as 
compared to PPG hydrogel.  
The average pore size was 1.42 µm in the area of 274.32 µm2. H-PEG 
hydrogel has a maximum porosity as compared to other hydrogels. In a 
previous study, hydrogel possesses very small pore size of 1-10 nm [33]. 
 
 
Fig. 3: Topography of hydrogel at magnification of 5000x A) PPG hydrogel B) H-PEG hydrogel C) C-PEG hydrogel D) A-PPG hydrogel E) A-
PPG' hydrogel 
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FTIR analysis 
From FTIR spectroscopy all hydrogels demonstrated the presence 
of–OH.–CH2 =CH,–NH2,-COOH and–NO2 functional groups and have 
shown absorption band estimation as given in Fig.4. It demonstrated 
the stretching of ether groups [34-36, 37] from 1050-1150 cm-1. 
Alkyl (R-CH2) stretching mode from 2900-3000 cm-1 were watched 
(37). The commitment of hydroxyl groups was inspected with a 
range from 3200-3400 cm-1. The nearness of hydrophilic and 
hydrophobic moieties which was checked by FTIR makes them 
soluble in both aqueous and organic medium. This made it 
imperative for medication framework [35]. The vibration bands 
from 900-950 cm-1 ascribed to alcohol. The alternate groups present is 
given in table 3. The presence of more–OH gatherings contributed in 
hydrogen bonding in the hydrogels. A more extensive band of the 
hydroxyl group was the after effect of sol-gel responses. Utilitarian 
groups of amines and nitro speaks to the attributes of keratin [38]. H-
PEG hydrogel has more hydrogen bonding contrasted with others and 
reasonable for topical application. Thus, FTIR spectra demonstrated 
chemical groups which are present in the complex polymeric hydrogel. 
 
 
 
 
 
 
Fig. 4: IR Absorbance A) PPG hydrogel B) H-PEG hydrogel C) C-PEG hydrogel D) A-PPG hydrogel E) A-PPG' hydrogel 
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Table 3: Results of IR absorptions of hydrogels 
S. No. Absorption range Specific type of bond Functional group 
1.   3300-3400 O-H stretch Alcohols 
2.  2800-2950 C-H stretch Alkanes 
3.  2100-2270 C=C Alkynes 
4.  1750-1735 C=O stretch Esters 
5.  1700-1730 C=O stretch Carboxylic Acid 
6.  1640-1500 N-H bend Amines 
7.  1640-1501 N-H bend Amines 
8.  1400-1440 O-H bend Carboxylic Acid 
9.  1300-1390 (-)NO2 (aliphatic) Nitro Group 
10.  1000-1260 C-O stretch Alcohols 
11.  1000-1260 C-O stretch Alcohols 
12.  1000-1260 C-O stretch Alcohols 
13.  1000-1261 C-O stretch Alcohols 
14.  1000-1262 C-O stretch Alcohols 
15.  900-950 -OH Alcohols 
16.  900-650 N-H bend Amines 
17.  770-730 C-H stretch Alkanes 
All the experiments were carried out in triplicates (n=3) for each sample and mean average values with standard error (±SD) were calculated. 
 
X-ray diffraction 
XRD analysis was performed to analyze the crystallinity index of the 
hydrogels. From the table 4, the maximum crystallinity was observed 
in PPG hydrogel and A-PPG hydrogel as compared to other hydrogels. 
Whilst, H-PEG hydrogel and C-PEG hydrogel have crystallinity within 
32-35% over a total area of the hydrogel as shown in fig. 5. Overall, the 
hydrogels are semi-crystalline and amorphous in nature [39]. 
 
 
Fig. 5: X-ray diffraction studies of the keratin based hydrogels A) PPG hydrogel B) H-PEG hydrogel C) C-PEG hydrogel D) A-PPG hydrogel E) 
A-PPG' hydrogel 
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Table 4: Crystallinity index of Hydrogels 
Hydrogels Crystallinity index (%) Crystalline/Amorphous ratio 
PPG hydrogel 46% 23:27 
H-PEG hydrogel 35% 7:13 
C-PEG hydrogel 32% 8:17 
A-PPG hydrogel 47% 47:53 
A-PPG' hydrogel 45% 9:11 
Abbreviation: PPG, Polypropylene Glycol; PEG, Polyethylene Glycol; H-PEG, Honey+Polyethylene Glycol; C-PEG, Chitosan+PEG; A-PPG, Aloe-
vera+PPG; A-PPG', Aloe-vera+PPG (last two are different in concentration). 
 
The hydrogels were formulated by using PVA solution, where it can 
be cross-linked through the use of bi functional cross-linking agents 
[40]. In this formulation, PEG and PPG were used. The crystallinity 
was found to increase with increasing the freezing time and PVA 
solution concentration [41]. The response of the materials to wound 
exudates and the biochemical environment provided by a keratin 
protein becomes very essential in the healing process. An optimum 
wound dressing protects the injured tissue, maintains a moist 
environment, water permeability, maintains microbial control, 
delivers healing agents to the wound, easy to apply, does not require 
frequent dressings and non-toxic and non-antigenic [42]. Addition 
with healing agents, the wound healing gel showed effective healing 
results on the wound. 
CONCLUSION 
It was observed that the combination of chitosan, honey and aloe 
vera has changed the properties of hydrogel network. Keratin 
hydrogel showed excellent physical properties, e.g., adequate 
transparency, ease to apply, capacity to retain exudates, and also 
slightly acidic pH, which fulfil the vital necessities of an injury 
dressing. Swelling analysis showed that the PPG hydrogen has a low 
crosslink density, which holds water molecules in between the 
cross-linkages for a long time. It was observed that all hydrogels 
showed fair solubility in the aqueous medium. The keratin was 
found to be effective as a crosslinking agent for the preparation of 
hydrogel. The optimum concentration of keratin (30%) considered 
as good active ingredient (API) for the consumer. The biomaterial 
manipulated by means of chemical treatments and natural products 
seems to be very useful for the synthesis of the medicinal product of 
mankind usage. These treatment results indicated promising 
recovery and treatment of wounds without any side effect which 
boosts up the herbal health care products. Thus, keratin-based 
hydrogel is a profitable way to deal dermal injury more research is 
required to commercialize its application in the biomedical field. 
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